The relation between citric acid cough threshold and airway hyperresponsiveness was investigated in 11 non-smoking patients with allergic asthma (mean FEV, 94% predicted) and 25 non-atopic smokers with chronic airflow obstruction (mean FEV1 65% predicted). Cough threshold was determined on two occasions by administering doubling concentrations of citric acid. Seven of the 11 asthmatic subjects and 14 of 25 smokers with chronic airflow obstruction had a positive cough threshold on both test days. Cough threshold measurements were reproducible in both groups (standard deviation of duplicate measurements 1-2 doubling concentrations in asthma, 141 doubling concentrations in chronic airflow obstruction). Citric acid provocation did not cause bronchial obstruction in most patients, though four patients had a fall in FEV, of more than 20% for a short time on one occasion only. No significant difference in cough threshold was found between the two patient groups despite differences in baseline FEV1 values. There was no significant correlation between cough threshold and the provocative concentration of histamine causing a 20% fall in FEV, (PC20) histamine in either group.
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Thus sensory nerves can be activated with a tussive agent in patients with asthma and chronic airflow obstruction without causing bronchial smooth muscle contraction.
Cough and shortness of breath are common features both in atopic patients with asthma and in smokers with chronic airflow obstruction. Airway responsiveness to inhaled stimuli such as histamine or methacholine is increased in both groups of patients. The ) . A Wiesbadener Doppelinhalator, nebulised particle size 5 pm (output 0 12 ml/min), was used with an airflow of 8 1/ min.7 The patients inhaled phosphate buffered saline (PBS) followed by doubling concentrations of histamine (acid) phosphate ranging from 0-03 to 16 mg/ml. Each concentration was inhaled for two minutes during tidal breathing with an interval between the inhalations of five minutes. The FEV, values were measured 30 seconds and 90 seconds after each inhalation. The inhalations were stopped as soon as FEVy had fallen by 20% or more from the baseline value (determined after phosphate buffered saline).
CITRIC ACID COUGH THRESHOLD
The cough threshold was defined as the first concentration of citric acid that induced at least one cough during inhalation, provided that the following concentration also led to at least one cough.8 When cough occurred with the highest dose, this was considered to be the threshold. When no cough occurred at the highest concentration the cough threshold was arbitrarily set at one dose higher than the maximum dose given, 1024 mg/ml. Citric acid was nebulised in the same way as histamine with a valve in the circuit (see fig 1) The assessments were carried out at the same time of day on two study days, within two weeks.
On day 1 a histamine challenge was performed. When the FEVy had returned to a value above 85% of the highest value on that day a citric acid challenge was carried out to determine the cough threshold.
On day 2 the smokers with chronic airflow obstruction followed the same protocol, but the asthmatic subjects underwent the citric acid challenge only.
The protocol was approved by the hospital medical ethics committee and written informed consent was obtained from each patient.
ANALYSIS
The citric acid cough thresholds and PC20 histamine values were log transformed before analysis. Reproducibility was measured as the standard deviation ofthe difference in duplicate measurements:
(SD)2 = Zd2 
REPRODUCIBILITY OF COUGH THRESHOLD MEASUREMENTS
The geometric mean cough threshold in the asthmatic responders on day 1 and day 2 was 105 and 57 mg/ml respectively. The thresholds in the responders with chronic airflow obstruction on days 1 and 2 were 105 and 100 mg/ml ( fig   2) . smokers with chronic airflow obstruction (65%)-p < 0-001.
CITRIC ACID THRESHOLD, PC20 HISTAMINE, AND INITIAL FEVI There was no significant correlation between citric acid threshold and PC20 histamine in either group (fig 3) . When the first measurements of PC20 histamine and citric acid cough threshold were analysed in the two groups, patients with a positive threshold value (n = 26) had a PC20 value (geometric mean 142 mg/ml) similar to that of the ones who did not reach a threshold (n = 10; geometric mean PC20 1 23 mg/ml). The same was true for the patients with chronic airflow obstruction: PC20 was 0 78 mg/ml in eight non-responders and 1 21 mg/ml in 17 responders. agents are inhaled in random order to avoid a cumulative effect, whereas in other studies increasing concentrations with one to five minute intervals to monitor the response are used.'5 Cough usually occurs during nebulisation. Cough can be measured in terms of a cough index, which is the number of coughs divided by the time until cough occurs, a doseresponse curve based on cough frequency, or the cough threshold."
Our method of citric acid inhalation was analogous to the well defined protocol for histamine inhalation. The time until cough occurred was recorded, but did not diminish consistently with increasing concentrations. As cough was considered as an "on-off" phenomenon the lowest concentration that induced cough, the "cough threshold," was chosen as a measure of cough. 
